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FIG. 6
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STEERING CONTROL DEVICE AND
STEERING CONTROL METHOD

TECHNICAL FIELD

The present invention relates to a steering control device
for a four-wheel steering vehicle, which is related to steering
control of a vehicle and 1s particularly characterized by rear
wheel control.

BACKGROUND ART

A four-wheel steering device that steers not only the front
wheels but also the rear wheels 1s known 1n order to improve
operability and stability during turning. It 1s generally
known that 1n a four-wheel steering device, the rear wheels
are controlled to be in phase opposite to those of the front
wheels when the vehicle speed 1s low, and the rear wheels
are controlled to be 1 phase with the front wheels when the
vehicle speed 1s high. It 1s known that when the rear wheels
are cut 1n phase with the front wheels, a yaw rate rises slowly
and the turning responsiveness deteriorates as compared
with the case where only the front wheels are steered.

Therefore, the technique described in PTL 1 has been
proposed. In PTL 1, when the rear wheels are controlled to
be 1n phase with the front wheels, the turning responsiveness
1s 1mproved by delaying the phase of the rear wheels with
respect to the front wheels.

CITATION LIST

Patent Literature

PTL 1. JP 2008-110707 A

SUMMARY OF INVENTION

Technical Problem

However, in P1L 1, there 1s a concern that a phase
difference occurs between the front wheel steering angle and
the rear wheel steering angle in a turming back operation
(end of turning) due to a waste time process, and the steering
stability 1s impaired.

Therefore, the invention provides a steering control
device and a steering control method that can suppress the
deterioration of the turning responsiveness at the mitial stage
of steering that may occur in a four-wheel steering vehicle,
and improve the steering stability when the front and rear
wheels of the four-wheel steering vehicle are controlled in
the same phase.

Solution to Problem

In order to solve the above problems, the steering control
device according to the invention 1s a steering control device
ol a vehicle that controls a rear wheel steering angle based
on a front wheel steering angle. The steering control device
includes a control unit that controls an amount obtained by
dividing an integrated value of a change in the rear wheel
steering angle 1n a second steering section where an absolute
value of the front wheel steering angle 1s constant and/or
decreases by a time to be larger than an amount obtained by
dividing an integrated value of a change 1n the rear wheel
steering angle 1n a first steering section where the absolute
value of the front wheel steering angle increases by a time.
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Further, the steering control method according to the
invention 1s a steering control method of a vehicle that
controls a rear wheel steering angle based on a front wheel
steering angle. The steering control method includes con-
trolling an amount obtained by dividing an integrated value
of a change in the rear wheel steering angle in a second
steering section where an absolute value of the front wheel
steering angle 1s constant and/or decreases by a time to be
larger than an amount obtained by dividing an integrated
value of a change in the rear wheel steering angle 1n a first
steering section where the absolute value of the front wheel
steering angle increases by a time.

Advantageous Effects of Invention

According to the invention, 1t 1s possible to provide a
steering control device and a steering control method that
can suppress the deterioration of the turning responsiveness
at the initial stage of steering that may occur in the four-
wheel steering vehicle and improve the steering stability
when the front and rear wheels of the four-wheel steering
vehicle are controlled 1n the same phase.

Objects, configurations, and effects besides the above
description will be apparent through the explanation on the
following embodiments.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s an overall schematic configuration diagram of a
vehicle to which a steering control device of a first embodi-
ment according to an embodiment of the invention 1s
applied.

FIG. 2 1s an operation explanatory view of the steering
control device illustrated in FIG. 1.

FIG. 3 1s a block diagram of the steering control device
according to the first embodiment.

FIG. 4 1s a flowchart 1llustrating an operation tflow of the
steering control device according to the first embodiment.

FIG. 5 1s a diagram 1llustrating a temporal change of an
absolute value of a front wheel steering angle and a diagram
illustrating a temporal change of a rear wheel steering angle,
in which a temporal change of a reference rear wheel angle
and a temporal change of an actual rear wheel angle ore
1llustrated.

FIG. 6 1s a diagram 1illustrating a temporal change of an
absolute value of the front wheel steering angle, 1n which a
first steering section where the absolute value of the front
wheel steering angle increases and a second steering section
where the absolute value of the front wheel steering angle
decreases and/or becomes constant are 1llustrated.

FIG. 7 1s a diagram 1illustrating changes over time 1n rear
wheel steering angle, front wheel steering angular accelera-
tion, and gain.

FIG. 8 1s a diagram 1llustrating a temporal change of a rear
wheel steering angle and a temporal change of a yaw rate,
in which a temporal change of the actual rear wheel angle
together with a temporal change of the reference rear wheel
angle ore illustrated respectively.

FIG. 9 15 a diagram 1llustrating the temporal change of the
rear wheel steering angle and the temporal change of the
front wheel steering angular acceleration.

FIG. 10 1s a diagram 1illustrating a temporal change of an
absolute value of the front wheel steering angle, 1n which a
temporal average value of the amount of change in the rear
wheel steering angle 1n the first steering section and the
second steering section are illustrated.
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FIG. 11 1s a block diagram of a steering control device of
a second embodiment according to another embodiment of
the 1nvention.

FIG. 12 1s a flowchart illustrating an operation flow of the
steering control device according to the second embodiment.

FIG. 13 1s a diagram 1llustrating a temporal change of an

absolute value of the front wheel steering angle, a front
wheel steering angular speed, and a moment.

DESCRIPTION OF EMBODIMENTS

In the present specification, a “rear wheel steering
amount” includes both the rear wheel steering angle itself
and the amount of change with respect to the rear wheel
steering angle.

Hereinafter, embodiments of the invention will be
described using the drawings.

First Embodiment

FIG. 1 1s an overall schematic configuration diagram of a
vehicle to which a steering control device of a first embodi-
ment according to an embodiment of the invention 1s
applied. As illustrated in FIG. 1, a vehicle 100 1s a four-
wheel steering (4WS) type vehicle capable of steering both
front wheels 6 and rear wheels 7. The vehicle 100 includes
a steering control device 1 that transmits commands to each
control unit such as a front wheel steering angle control unit
12 that drives and controls an actuator 26 and a rear wheel
steering angle control unit 15 that drives and controls an
actuator 28 via a communication line, a vehicle state sensor
2 that acquires motion state information of the vehicle 100,
and a communication line that transmits a signal from the
vehicle state sensor 2 to the steering control device 1 or each
control unit.

The actuator 26 includes a front wheel power steering
device 13. The actuator 28 includes a rear wheel power
steering device 16. A braking device (not illustrated), a
vehicle drive system, and the like are included in the
actuator. As the actuator, a hydraulic type or an electric type
can be used.

The control unit includes a brake control unit and a drive
torque control unit (not illustrated) 1n addition to the front
wheel steering angle control unit 12 and the rear wheel
steering angle control unit 15 described above.

The front wheel power steering device 13 includes the
steering wheel 4, the steering sensor 3 such as a torque
sensor for detecting the steering direction and the torque
from the steering wheel 4 and a steering angle sensor for
detecting a steering angle, a rack shait 235 that 1s connected
to the front wheel 6 by the link, the actuator 26 that applies
thrust to the rack shaft 25, and the front wheel steering angle
control unit 12 that gives a command to the actuator 26
based on the detection value of the steering sensor 3.

The rear wheel power steering device 16 includes a rack
shaft 27 connected to the rear wheel 7 via a link, an actuator
28 for applying thrust to the rack shatt 27, and the rear wheel
steering angle control unit 15 that gives a command to the
actuator 28 based on the command from the steering control
device 1.

The front wheel power steering device 13 1s configured to
generate thrust by the actuator 26 based on the torque and/or
steering angle that 1s generated when the driver steers the
steering wheel 4 and 1s detected by the steering sensor 5, and
to assist the driver’s 1mput to steer the front wheel 6.

The front wheel power steering device 13 can also use a
steer-by-wire system in which the actuator 26 1s independent
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of the driver’s operation. The steering control device 1 gives
the steering angle command to the front wheel steering angle
control unit 12 based on the information of the steering
wheel 4, the steering direction from the steering wheel 4, and
the steering sensor 3 such as the torque sensor that detects
the torque and the steering angle sensor that detects the
steering angle. Since it 1s a steer-by-wire system, the com-
mand 1s given mdependently of the driver’s operation.

On the other hand, the rear wheel power steering device
16 1s configured to generate thrust by the actuator 28 and
steer the rear wheel 7 based on the command of the steering
control device 1 independently of the steering of the driver’s
steering wheel 4.

In this embodiment, 1t 1s assumed that the left and right
wheels of both the front wheels 6 and the rear wheels are
steered by the same angle, but the left and nght wheels (four
wheels) of the front wheels 6 and the rear wheels 7 may be
controlled 1n steering independently.

Next, the processing procedure of the steering control
device 1 will be described with reference to the flowchart
and the operation example.

FIG. 2 1s an operation explanatory view of the steering
control device 1 illustrated in FIG. 1. As illustrated 1n FIG.
2, when the vehicle 100 1s traveling, the steering control
device 1 recerves the front wheel steering angle detected by
the steering sensor 5 and the vehicle speed included 1n the
motion state information of the vehicle 100 detected by the
vehicle state sensor 2. Then, the steering control device 1
outputs a predetermined steering angle command to the rear
wheel steering angle control unit 15 based on the recerved
front wheel steering angle and vehicle speed. The rear wheel
steering angle control unit 15 outputs a torque command to
the actuator 28 based on a predetermined steering angle
command mput from the steering control device 1. The
thrust generated by the actuator 28 changes the motion state
of the vehicle 100. Here, the actuator 28 1s, for example, the
above-mentioned rear wheel power steering device 16 or a
rear wheel power steering motor.

FIG. 3 1s a block diagram of the steering control device 1
according to this embodiment. As illustrated in FIG. 3, the
steering control device 1 1s configured by a reference rear
wheel angle calculation unit 17, a steering angular accel-
eration calculation unit 18, and a rear wheel steering angle
calculation unit 19. The reference rear wheel angle calcu-
lation unit 17, the steering angular acceleration calculation
unit 18, and the rear wheel steering angle calculation unit 19
are, for example, realized by a processor such as a CPU
(Central Processing Unit) (not illustrated), a ROM for stor-
ing various programs, a RAM for temporarily storing data
generated 1n the process of calculation, and a storage device
such as an external storage device. The processor such as the
CPU reads out and executes various programs stored 1n the
ROM, and stores the calculation result that 1s an execution
result in the RAM or an external storage device. Although
the explanation 1s divided into functional blocks for the sake
of clarnity, the reference rear wheel angle calculation unit 17,
the steering angular acceleration calculation unit 18, and the
rear wheel steering angle calculation umt 19 may be com-
bined 1nto one calculation unit. Alternatively, the configu-
ration may be such that two desired functional blocks of the
reference rear wheel angle calculation unit 17, the steering
angular acceleration calculation unit 18, and the rear wheel
steering angle calculation umt 19 are integrated.

The reference rear wheel angle calculation umt 17 form-
ing the steering control device 1 receives the front wheel
steering angle detected by the steering sensor 5 and the
vehicle speed included 1n the motion state information of the
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vehicle 100 detected by the vehicle state sensor 2. Then, the
reference rear wheel angle calculation unit 17 calculates the
reference rear wheel angle based on the received front wheel
steering angle and vehicle speed, and outputs the calculated
reference rear wheel angle to the rear wheel steering angle
calculation unit 19 described later.

The steering angular acceleration calculation unit 18
forming the steering control device 1 receives the front
wheel steering angle detected by the steering sensor 5. Then,
the steering angular acceleration calculation unit 18 calcu-
lates the steering angular acceleration based on the received
front wheel steering angle, and outputs the calculated steer-
ing angular acceleration to the rear wheel steering angle
calculation unit 19 described later.

The rear wheel steering angle calculation unit 19 forming,
the steering control device 1 determines the rear wheel
steering amount based on the reference rear wheel angle
input from the reference rear wheel angle calculation unit
and the steering angular acceleration input from the steering
angular acceleration calculation unit 18. In other words, the
rear wheel steering angle calculation unit 19 calculates the
rear wheel steering angle based on the reference rear wheel
angle and the steering angular acceleration. The steering
angle of the rear wheel 7 1s set smaller than the steering
angle of the front wheel 6. Here, instead of the vehicle speed
(the speed of a vehicle) mput to the reference rear wheel
angle calculation umt 17, the vehicle wheel speed of each
wheel may be detected and mput to the reference rear wheel
angle calculation unit 17.

Next, a detailed processing procedure of the steering
control device 1 according to this embodiment will be
described with reference to FIGS. 4 to 9.

FI1G. 4 1s a flowchart illustrating an operation flow of the
steering control device 1 according to the first embodiment.

As 1llustrated in FIG. 4, 1n Step S11, the reference rear
wheel angle calculation unit 17 forming the steering control
device 1 calculates the reference rear wheel angle based on
the front wheel steering angle detected by the steering sensor
5 and the vehicle speed included 1n the motion state infor-
mation of the vehicle 100 detected by the vehicle state
sensor 2. When the vehicle speed range 1s equal to or less
than a certain threshold, the rear wheels 7 are steered 1n the
opposite phase of the front wheels 6, and when the vehicle
speed range 1s equal to or more than a certain threshold, the
rear wheels 7 are controlled to be 1n the same phase as the
front wheels 6. If the vehicle speed 1s constant and equal to
or more than a certain threshold, the waveform of the rear
wheel reference angle often has a relationship of similar
wavelorm to the front wheel steering angle which 1s input
information.

In Step S12, the reference rear wheel angle calculation
unit 17 determines whether the rear wheel reference angle 1s
in phase with the front wheel steering angle (in-phase
control). As a result of the determination, 1f the rear wheel
reference angle 1s in phase with the front wheel steering
angle, the process proceeds to Step S13. On the other hand,
as a result of the determination, when the rear wheel
reference angle 1s in opposite phase of the front wheel
steering angle, the process ends with the calculated reference
rear wheel angle as a command value given to the rear wheel
steering angle control unit 15.

In Step S13, the steering angular acceleration calculation
unit 18 forming the steering control device 1 calculates the
front wheel steering angular speed o (=doi/dt) and the front
wheel steering angular acceleration o' (=d°8f/dt*) using the
absolute value of of the front wheel steering angle (in this
specification, the front wheel steering angular acceleration,
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which 1s the second derivative of the absolute value of of the
front wheel steering angle, 1s noted as ' for convemence).
By using the absolute value of of the front wheel steering
angle, both the steering angular speed and the steering
angular acceleration at the start of turning take positive
values for both left and right turns.

In Step S14, the rear wheel steering angle calculation unit
19 forming the steering control device 1 adjusts the amount
of change in the rear wheel steering angle or the gain to be
applied to the reference rear wheel angle based on the
amount of change 1n the front wheel steering angle and the
positive/negative values of the front wheel steering angular
acceleration o' calculated by the steering angular accelera-
tion calculation unit 18 1 Step S13. Since the purpose 1s to
control the rear wheel 7 1n phase with the front wheel 6,
when multiplying the reference rear wheel angle by the gain,
a positive value including zero (0) 1s used. Here, the adjust-
ment of the amount of change in the rear wheel steering
angle based on the positive/negative values of the front
wheel steering angular acceleration o' will be described with
reference to FIG. 5. FIG. 5 1s a diagram 1illustrating a
temporal change of an absolute value of of a front wheel
steering angle and a diagram illustrating a temporal change
of a rear wheel steering angle or, 1n which a temporal change
of a reference rear wheel angle and a temporal change of an
actual rear wheel angle ore illustrated. The temporal change
of the absolute value of of the front wheel steering angle
illustrated in the upper part of FIG. 5 1s the wavetorm of the
absolute value of of the front wheel steering angle used by
the steering angular acceleration calculation umt 18 to
calculate the front wheel steering angular acceleration o' 1n
Step S13. In the lower part of FIG. 5, the dotted line
represents the temporal change of the reference rear wheel
angle, and the solid line represents the actual rear wheel
angle. As 1illustrated 1n the lower part of FIG. 3, the rear
wheel steering angle calculation unmit 19 adjusts the rear
wheel steering angle or to be the actual rear wheel angle
illustrated by the solid line based on the amount of change
in the front wheel steering angle and the positive/negative
values of the front wheel steering angular acceleration o'
calculated by the steering angular acceleration calculation
umt 18 1 Step S13.

Next, the details of Step S14 will be described with
reference to FIGS. 6 and 7. FIG. 6 1s a diagram 1llustrating
the temporal change of the absolute value of the front wheel
steering angle, in which a first steering section where the
absolute value of the front wheel steering angle increases
and a second steering section where the absolute value of the
front wheel steering angle decreases and/or becomes con-
stant are 1llustrated. FIG. 7 1s a diagram 1llustrating changes
over time 1n rear wheel steering angle, front wheel steering
angular acceleration, and gain.

As 1llustrated 1n FIG. 6, the section where the absolute
value of of the front wheel steering angle increases 1s
referred to as the first steering section, and the section where

the absolute value of of the front wheel steering angle
decreases and/or becomes constant 1s referred to as the
second steering section. The temporal change of the absolute
value of of the front wheel steering angle 1llustrated 1n the
upper part of FIG. 6 1s represented as a wavetform in which
the absolute value of of the front wheel steering angle
increases in the first steering section, and the absolute value
ol of the front wheel steering angle decreases 1n the second
steering section. Such a wavelorm (profile) corresponds to,
for example, a steering operation 1n the case of performing
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emergency avoidance, and corresponds to a state 1n which
the steering 1s immediately returned after turning the steer-
ing to a diflerent lane.

Further, the temporal change of the absolute value of of
the front wheel steering angle 1llustrated 1n the lower part of
FIG. 6 1s represented as a wavelform in which the absolute
value of of the front wheel steering angle increases in the
first steering section, the absolute value of of the front wheel
steering angle 1s constant for a predetermined period 1n the
second steering section, and then the absolute value o1 of the
front wheel steering angle decreases. Such a wavelorm
(profile) corresponds to, for example, a steering operation
while traveling on a ramp on a highway. Since the highway
ramp 1s a curve with a constant radius, the steering 1s
maintained for a certain period of time, after which the
steering 1s returned. It corresponds to the wavelorm at this
time. That 1s, the section where the absolute value 61 of the
front wheel steering angle i1s constant in the lower part of
FIG. 6 corresponds to the state 1n which the above-men-
tioned steering state 1s maintained for a certain period of
time.

As 1llustrated in FIG. 7, the rear wheel steering angle
calculation unit 19 forming the steering control device 1
adjusts the amount of change in the rear wheel steering angle
dr based on the posﬂwe/negatlve values of the front wheel
steering angular acceleration o' 1n the first steering section
(the temporal change of the rear wheel steering angle or 1n
the upper part of FIG. 7), and increases the amount of
change in the rear wheel steering angle or when the front
wheel steering angular acceleration o' 1s negative compared
to the case when the front wheel steering angular accelera-
tion o' 1s positive. When the gain 1s used, i1t 1s multiplied by
the reference rear wheel angle (the dotted line 1llustrated in
the upper part of FIG. 7) and the gain value 1s adjusted as
illustrated in the lower part of FIG. 7. As a result, the rear
wheel steering angle or (the solid line 1llustrated 1n the upper
part of FIG. 7) at the start of turning (steering) becomes
smaller than the reference rear wheel angle (the dotted line
illustrated 1n the upper part of FIG. 7), so the force generated
by the rear wheel 7 becomes smaller and the amount of
restoring yaw moment that suppresses the rotating motion of
the vehicle 100 1s also reduced. As a result, even 1n the
vehicle 100 1n which the four wheels are controlled, the vaw
rate v nises lfaster and the deterioration of the turming
responsiveness can be suppressed. Further, by using the
front wheel steering angular acceleration w', 1t 1s possible to
cope with a sudden increase 1n steering during steering.

Here, FIG. 8 1s a diagram illustrating the temporal change
ol the rear wheel steering angle or and the temporal change
of the yaw rate vy, in which the temporal change of the actual
rear wheel angle together with the temporal change of the
reference rear wheel angle ore illustrated respectively. As
illustrated 1n the solid line wavetorm in the lower part of
FIG. 8, 1t can be seen that even 1n the vehicle 100 1n which
the four wheels are controlled, the yaw rate vy rises faster and
the deterioration of the turning responsiveness can be sup-
pressed.

In the first steering section, the amount of change (gain)
of the rear wheel steering angle or may be adjusted based on
the front wheel steering angle, the front wheel steering
angular speed m, the front wheel steering angular accelera-
tion o', and the like within a range, where the positive/
negative values of the steering angular acceleration are
matched. At that time, 1n order to ensure that the turming
performance 1s not deteriorated at the initial stage of turning,
(steering), the amount of change (gain) of the rear wheel
steering angle or also changes to be larger as the region
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changes from a region where the absolute value of of the
front wheel steering angle 1s small to a region where the
absolute value 1s large.

Further, FIG. 9 illustrates the temporal change of the rear
wheel steering angle or and the temporal change of the front
wheel steering angular acceleration w'. As illustrated in FIG.
9, the rear wheel steering angle or may be controlled from
a state 1n which the front wheel steering angular acceleration
o' 1n the first steering section 1s negative, or from the second
steering section. By performing such control, the first half of
the first steering section (the section in which the front wheel
steering angular acceleration m' 1s positive) becomes 2WS,
and the characteristics of the vehicle 100 are directly
reflected 1n the behavior.

When dividing the first steering section into two regions,
the yaw rate v and a lateral acceleration Gy acquired from
the vehicle state sensor 2 in combination with or 1n place of
the front wheel steering angular acceleration o', or the
temporal change rate (time denivative) of their physical
quantities may be used. Considering the delay of the actua-
tor, the delay and accuracy of the vehicle state sensor 2, and
the delay of the yaw rate v and the lateral acceleration Gy
with respect to the steering angle, i1t 1s considered that the
most suitable physical quantity for grasping the vehicle
condition 1n the future 1s the steering angle.

In the second steering section, the section in which the
absolute value of of the front wheel steering angle 1llustrated
in FIG. 6 1s constant and/or decreases 1s made to follow the
rear wheel steering angle or. That 1s, 1t 1s equivalent to
determining the rear wheel steering angle or by multiplying
the front wheel steering angle by a constant gain. An
operation example of the waveform of the rear wheel
steering angle or and the gain applied to the rear wheel
reference angle 1n the second steering section 1s as 1llustrated
in FIG. 7. Since the wavelorms of the front wheel steering
angle and the rear wheel steering angle or are similar and no
phase difference occurs, the stability of the vehicle 100 at the
end of turning (steering) 1s improved.

FIG. 10 1s a diagram 1illustrating the temporal change of
the absolute value of of the front wheel steering angle, in
which the temporal average value of the amount of change
in the rear wheel steering angle 1n the first steering section
and the second steering section are illustrated. As 1llustrated
in FIG. 10, 1n order to ensure non-deterioration of respon-
siveness at the mitial stage of turning (steering) and steering,
stability of the vehicle 100, the temporal average value of
the amount of change 1n the rear wheel steering angle or in
the first steering section for any front wheel steering pattern
1s needed to be smaller than the temporal average value of
the amount of change 1n the rear wheel steering angle or in
the second steering section. Here, the temporal average
value of the steering angle amount of change 1s the amount
obtained by dividing the value obtained by time integration
by the time.

The rear wheel steering angle calculation unit 19 trans-
mits the rear wheel steering angle calculated 1n Step S14 in
FIG. 4 to the rear wheel steering angle control unit 15 as a
command value via the communication line, whereby the
process ol the steering control device 1 ends.

As described above, according to this embodiment, 1t 1s

possible to provide a steering control device and a steering
control method that can suppress the deterioration of the
turning responsiveness at the initial stage of steering that
may occur in the four-wheel steering vehicle, and improve
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the steering stability when the front and rear wheels of the
tour-wheel steering vehicle are controlled 1n the same phase.

Second Embodiment

FIG. 11 1s a block diagram of a steering control device 1a
of a second embodiment according to another embodiment
of the invention. In the above-described first embodiment,
the steering control device 1 1s configured by the reference
rear wheel angle calculation unit 17, the steering angular
acceleration calculation unit 18, and the rear wheel steering
angle calculation unit 19, but 1s diflerent from this embodi-
ment 1n that the steering control device 1a 1s configured by
a steering angular speed calculation unit 18a and a rear
wheel steering angle calculation unit 194. The other con-
figurations of the vehicle 100 are the same as those of the
first embodiment.

As 1llustrated 1 FIG. 11, the steering control device 1la
according to this embodiment i1s configured by the steering
angular speed calculation unit 18a and the rear wheel
steering angle calculation unit 19a4. The steering angular
speed calculation umit 18a and the rear wheel steering angle
calculation unmit 19q are, for example, realized by a processor
such as a CPU (not 1llustrated), a ROM for storing various
programs, a RAM for temporarily storing data generated in
the process of calculation, and a storage device such as an
external storage device. The processor such as a CPU reads
out and executes various programs stored i the ROM, and
stores the calculation result that 1s an execution result 1n the
RAM or an external storage device. Although the explana-
tion 1s divided into functional blocks for the sake of clarity,
the steering angular speed calculation unit 18a and the rear
wheel steering angle calculation unit 194 may be used as one
calculation unait.

The steering angular speed calculation unit 18a forming
the steering control device la receives the front wheel
steering angle detected by the steering sensor 5 and the
vehicle speed mncluded in the motion state information of the
vehicle 100 detected by the vehicle state sensor 2. Then, the
steering angular speed calculation unit 18a calculates the
front wheel steering angular speed based on the received
front wheel steering angle, and outputs the calculated front
wheel steering angular speed to the rear wheel steering angle
calculation unit 19a.

The rear wheel steering angle calculation unit 19a form-
ing the steering control device 1a recerves the front wheel
steering angle detected by the steering sensor 5 and the
vehicle speed mncluded in the motion state information of the
vehicle 100 detected by the vehicle state sensor 2. Then, the
rear wheel steering angle calculation umt 194 calculates the
front wheel steering angular speed o based on the received
front wheel steering angle and the vehicle speed, and outputs
the calculated front wheel steering angular speed co to the
rear wheel steering angle calculation unit 19a described
later.

The rear wheel steering angle calculation unit 19aq form-
ing the steering control device 1a determines the rear wheel
steering amount based on the front wheel steering angular
speed o mput from the steering angular speed calculation
unit 18a. In other words, the rear wheel steering angle
calculation unit 19a calculates the rear wheel steering angle
based on the front wheel steering angular speed w.

Next, a detailed processing procedure of the steering
control device 1la according to this embodiment will be
described with reference to FIGS. 12 and 13.

FI1G. 12 1s a flowchart illustrating an operation tflow of the
steering control device according to this embodiment.
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As 1llustrated 1n FIG. 12, 1n Step S21, the steering angular
speed calculation unit 18a forming the steering control

device 1a calculates the front wheel steering angular speed
o based on the front wheel steering angle detected by the
steering sensor 3 and the vehicle speed included in the
motion state information of the vehicle 100 detected by the
vehicle state sensor 2.

In Step S22, the steering angular speed calculation unit
18a compares the front wheel steering angle detected by the
steering sensor 5 with the calculated positive/negative val-
ues of the front wheel steering angular speed w, and 1f the
positive/negative values are different, the process proceeds
to Step S23. On the other hand, as a result of comparison, 1
the positive/negative values of the front wheel steering angle
and the calculated front wheel steering angular speed m
match, the process ends. FIG. 13 1s a diagram 1llustrating
temporal changes of the front wheel steering angle, the front
wheel steering angular speed, and the moment. As illustrated
in FIG. 13, it illustrates that the rear wheels are controlled
only in the region withuin the dotted line.

In Step S23, the rear wheel steering angle calculation unit
19a forming the steering control device 1a multiplies the
front wheel steering angular speed m by a proportional gain,
calculates a value with a primary delay, and uses that value
as an additional moment control amount.

In Step S24, the rear wheel steering angle calculation unit
19a calculates a required rear wheel steering amount (rear
wheel steering angle) based on the additional moment
control amount obtained 1n Step S23, and ends the process.

Similar to the first embodiment described above, this
embodiment 1s premised on controlling the rear wheels 7 1n
phase with the front wheels 6. By performing such rear
wheel steering, the restoring yaw moment acts on the vehicle
100 when the steering 1s returned, and the vehicle respon-
stveness and stability during turning (steering) are
improved.

Instead of the front wheel steering angle and the front
wheel steering angular speed m, the motion state information
of the vehicle 100 acquired from the vehicle state sensor 2
may be used. For example, when the lateral acceleration and
the lateral acceleration increasing rate of the vehicle 100 are
used and the positive/negative values of the two are differ-
ent, the restoring yaw moment becomes a value obtained by
adding a proportional gain and a primary delay to the lateral
acceleration increasing rate.

As described above, according to this embodiment, 1n
addition to the eflect of the first embodiment, the restoring
yaw moment acts on the vehicle when the steering 1s
returned, and it 1s possible to improve the vehicle respon-
stveness and stability during turning (steering).

Further, the invention 1s not limited to the embodiments
described above, but includes various modifications. For
example, the above embodiments have been described 1n
detail for easy understanding of the invention, and the
invention 1s not necessarily limited to having all the con-
figurations described. In addition, some of the configurations
of a certain embodiment may be replaced with the configu-
rations of the other embodiments, and the configurations of
the other embodiments may be added to the configurations
of the subject embodiment.

REFERENCE SIGNS LIST

1, 1a steering control device
2 vehicle state sensor

4 steering wheel

5 steering sensor



US 11,858,574 B2

11

6 {front wheel

7 rear wheel

12 front wheel steering angle control unit

13 front wheel power steering control device

14 monitoring sensor 5

15 rear wheel steering angle control unit

16 rear wheel power steering device

17 reference rear wheel angle calculation unit

18 steering angular acceleration calculation unit

18a steering angular speed calculation unit

19, 194 rear wheel steering angle calculation unit

25 rack shaftt

26 actuator

277 rack shaftt

28 actuator

100 vehicle

The invention claimed 1s:

1. A steering control device of a vehicle that controls a
rear wheel steering angle based on a front wheel steering
angle, comprising:

a control unit that controls an amount obtained by divid-
ing an integrated value of a change in the rear wheel
steering angle 1n a second steering section where an
absolute value of the front wheel steering angle 1is
constant and/or decreases by a time to be larger than an
amount obtained by dividing an integrated value of a
change 1n the rear wheel steering angle in a first
steering section where the absolute value of the front

wheel steering angle increases by a time.

2. The steering control device according to claim 1,

wherein, 1n the first steering section, the control unit
adjusts the amount of change 1n the rear wheel steering
angle to be larger 1n a region where an acceleration of

a change in an absolute value of the front wheel

steering angle 1s negative than in a positive region.

3. The steering control device according to claim 1,

wherein the control unit changes the rear wheel steering
angle to follow the front wheel steering angle 1n the
second steering section.

4. The steering control device according to claim 2,

wherein the control unit includes

a rear wheel steering angle calculation unit that calculates
the rear wheel steering angle by multiplying the front
wheel steering angle by a proportional gain, and

wherein, 1n the first steering section, the proportional gain
changes to be large as an absolute value of the steering
angle changes to a region where the absolute value 1s
large rather than a region where the absolute value 1s
small.

5. The steering control device according to claim 4,

wherein the proportional gain 1s a constant value 1n the
second steering section.

6. The steering control device according to claim 1,

wherein the control unit includes

a rear wheel steering angle calculation unit that obtains a
moment control amount by multiplying a front wheel
steering angular speed of the front wheel steering angle
by a proportional gain, and calculates the rear wheel
steering angle based on the obtained moment control
amount.

7. The steering control device according to claim 6,

wherein the control unit mncludes
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a steering angular speed calculation unit that obtains a
front wheel steering angular speed of the front wheel
steering angle based on the front wheel steering angle
and a vehicle speed of the vehicle.

8. A steering control method of a vehicle that controls a
rear wheel steering angle based on a front wheel steering
angle, comprising;:

controlling an amount obtained by dividing an integrated

value of a change 1n the rear wheel steering angle 1n a
second steering section where an absolute value of the
front wheel steering angle 1s constant and/or decreases
by a time to be larger than an amount obtained by
dividing an integrated value of a change in the rear
wheel steering angle 1n a first steering section where the
absolute value of the front wheel steering angle
increases by a time.

9. The steering control method according to claim 8,

wherein, 1n the first steering section, the amount of change
in the rear wheel steering angle 1s adjusted to be larger
in a region where an acceleration of a change 1n an
absolute value of the front wheel steering angle 1is
negative than 1n a positive region.

10. The steering control method according to claim 8,

wherein the rear wheel steering angle 1s changed to follow
the front wheel steering angle 1n the second steering
section.

11. The steering control method according to claim 9,

wherein the rear wheel steering angle 1s calculated by
multiplying the front wheel steering angle by a propor-
tional gain, and

wherein, 1n the first steering section, the proportional gain
changes to be large as an absolute value of the steering
angle changes to a region where the absolute value 1s
large rather than a region where the absolute value 1s
small.

12. The steering control method according to claim 11,

wherein the proportional gain 1s a constant value in the
second steering section.

13. The steering control method according to claim 8,

wherein a moment control amount 1s obtained by multi-
plying a front wheel steering angular speed of the front
wheel steering angle by a proportional gain, and the
rear wheel steering angle 1s calculated based on the
obtained moment control amount.

14. The steering control method according to claim 13,

wherein a front wheel steering angular speed of the front
wheel steering angle i1s obtained based on the front
wheel steering angle and a vehicle speed of the vehicle.

15. The steering control device according to claim 2,

wherein the control unit changes the rear wheel steering
angle to follow the front wheel steering angle 1n the
second steering section.

16. The steering control method according to claim 9,

wherein the rear wheel steering angle 1s changed to follow
the front wheel steering angle 1n the second steering
section.
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